Successful reproduction is dependent upon individuals obtaining at least the minimum quantities of resources needed for gametogenesis, courtship, mating and, perhaps, post-mating parental investment (Lombardi, 1998) . Costs may be incurred during competitive interactions with conspecifics, and in encounters with predators and parasites, some of which may exploit directly the sexual processes of prey and host species (Sullivan et al., 1995) . The high level of both physiological and behavioural-ecological synchronization required for successful reproduction in vertebrates involves complex interactions among numerous neural and endocrine systems within the hypothalamo-hypophysealgonadal axis (Crews and Moore, 1986) .
In many tetrapod vertebrates, especially birds and mammals, behavioural-ecological breeding activities and production of mature gametes occur at the same times seasonally (Lombardi, 1998) . However, in certain taxa of amphibians and reptiles there exists a temporal dissociation between breeding and gametogenesis. Crews (1987) suggests that proximate mechanisms responsible for such dissociation (in one or both sexes) may be favoured by selection when environmental conditions necessary for breeding and for gametogenesis are not coincident in time. Dissociated patterns of reproduction have been described for males of a number of species of newts and salamanders (reviewed by Aranzabal, 2003a; Lofts, 1984; Verrell et al., 1986;  School of Biological Sciences and Center for Reproductive Biology, Washington State University, Pullman, Washington 99164-4236, USA e-mail: verrell@wsu.edu Verrell, 2003) ; they have been reported less frequently for females (see Aranzabal, 2003b) . Here I describe such a pattern in females of a North American ambystomatid salamander.
The Columbia long-toed salamander, Ambystoma macrodactylum columbianum, is common and widespread in northwestern North America, including southeastern Washington state (Nussbaum et al., 1983) . Adults utilize more or less inaccessible subterranean burrows on land when not breeding (Verrell and Davis, 2003) . In late winter-early spring (January to March), both sexes migrate to aquatic sites such as ponds within which they court, mate and lay eggs (Beneski et al., 1986; Verrell and Pelton, 1996; Verrell et al., 2001) . Whereas individual males may remain in the water for several weeks, individual females remain there for just a few days (Verrell and Pelton, 1996) . Southeastern Washington is highly seasonal climatically; this region's cold winters and hot, dry summers may be challenging for small ectotherms such as salamanders in terms of acquisition of the energy needed to produce gametes (Verrell and Davis, 2003) . Thus, I suspected that, like males (see Verrell, 2004) , females of this species might exhibit a pattern of gametogenesis that is dissociated from the time of breeding (the latter of brief duration).
All salamanders used in this study were obtained from a single pond and adjacent terrestrial habitat situated in the city of Pullman, Whitman County, Washington, in 1994. Aquatic females (n = 34) were captured from January 19 to March 14 using wire minnow traps (Fronzuto and Verrell, 2000) . Five additional females were captured on land, necessarily opportunistically, from March 24 to June 10 by excavating piles of soil and fractured basaltic rock.
Of the 34 females trapped in water, 12 (35%) were sacrificed within 24 h of capture (see below). The remaining 22 females were placed into one of three semi-natural enclosures in March to provide reliable access to terrestrial samples outside of the breeding season. Each enclosure was a 200 L plastic garbage bin, the bottom of which was punctured to allow drainage. Each bin was filled to a depth of approximately 1 m with a mixture of rock rubble, potting soil and humus, and leaf litter, and was seeded with earthworms, pill bugs (terrestrial isopods), wax worms (moth larvae), house flies and Drosophila. Each bin was covered by a perforated lid that allowed penetration of rain, light and small invertebrates, but which excluded predators such as snakes, birds and small mammals. Bins were placed in the shady portion of a managed garden amid shrubs and trees on the campus of Washington State University, and were searched every month from May to December to obtain terrestrial females.
Salamanders were sacrificed within 24 h of collection from water, bins or rock piles by immersion in saturated chloretone solution. Each was blotted dry and weighed to the nearest 0.1 g. A ventral incision was then made, and the ovaries and associated oviducts were removed. Ovaries were blotted dry and weighed to the nearest 0.1 g, and then placed directly into 70% ethanol solution together with their accompanying oviducts. Distinct fat bodies, yellow in colour, were associated with the ovaries of most females examined, including those taken from bins (indicating adequate availability of food). This fatty tissue carefully was trimmed away before ovaries were weighed.
Preserved ovaries were examined under a dissecting microscope with a graticulated eye-piece at 50 times magnification approximately 6 months after placement into ethanol. Numbers of oocytes less than 0.5 mm and greater than 0.5 mm in diameter were counted. Oviducts were incised longitudinally and examined for the presence of jellyencapsulated oocytes (see Greven, 2003) .
Long-toed salamanders breed in water from January to March in southeastern Washington. Of the 12 females sampled over those months, seven (58%) carried oocytes in the oviducts (four females in January, two in February and one in March). No terrestrial females sampled from March to December carried oocytes in the oviducts.
Relative ovarian mass was highly variable across months ( fig. 1 ). Intramonth variation was greatest for aquatic females, as would be expected if they had experienced different periods of time available for egg-laying before capture and sacrifice. Verrell (2004) land), and (iii) pre-breeding (August to December, on land). A similar division seems warranted for females based on changes in relative ovarian mass over time ( fig. 1 ). Median relative ovarian mass differed significantly among the three seasons: 14.5 g (range 7-53 g) for breeding, 6 g (range 5-7 g) for post-breeding and 19 g (range 6-53 g) for pre-breeding seasons, respectively (Kruskal-Wallis H = 21.6, 2 df, P < 0.001). Using a test for pairwise comparisons provided by Siegel and Castellan (1988) , relative ovarian mass was significantly greater in breeding than in post-breeding females (critical difference = 11.1, observed difference = 16.7, P < 0.01) and in pre-breeding than in postbreeding females (critical difference = 10.3, observed difference = 19.6, P < 0.01). However, relative ovarian mass did not differ significantly between breeding and pre-breeding females (critical difference = 10.3, observed difference = 2.9, P > 0.05).
The temporal pattern of yolk accumulation was assayed rather crudely by determining variation across months in numbers of ovarian oocytes smaller than and larger than 0.5 mm in diameter. Numbers of small oocytes increased from April to September-October and then declined. Numbers of larger oocytes were low until August-September, after which time they increased greatly, reaching a maximum in December ( fig. 2) . Table 1 summarizes data on oocyte sizes for the three seasons of the annual reproductive cycle. Numbers of oocytes both smaller and larger than 0.5 mm in diameter varied significantly
